Transmembrane channel-like (TMC) proteins have been implicated in hair cell mechanotransduction, Drosophila proprioception, and sodium sensing in the nematode C. elegans. In this issue of Neuron, Wang et al. (2016) report that C. elegans TMC-1 mediates nociceptor responses to high pH, not sodium, allowing the nematode to avoid strongly alkaline environments in which most animals cannot survive.
Strongly acidic or alkaline environments hardly allow for animal life. With the exception of a few specialists, animals cannot tolerate-and thus have to avoid-such environments, relying on chemo-and nociceptors that inform them about the external pH. Various proteins have been implicated in environmental acidity sensing, including for example certain G-protein-coupled receptors (GPCRs) and acid-sensing ion channels (ASICs) (Levin and Buck, 2015) . Some transient receptor potential (TRP) channels such as mammalian TRPV1 respond to both acidic and alkaline pH (Dhaka et al., 2009 ), yet proteins that specifically sense environmental alkali have largely escaped their identification-despite ample physiological evidence for their existence (Murayama and Maruyama, 2015) . Ground beetles, for example, sense high external pH with sensory neurons in their antennae, but the respective transduction mechanism is unknown. Nociceptive cranial trigeminal neurons respond to environmental pH between approximately 8 and 10, but also there the proteins that mediate these responses are unclear (Murayama and Maruyama, 2015) . A new study in this issue of Neuron now systematically explores nociceptive alkali responses in the nematode C. elegans, revealing that environmental alkali sensing requires TMCs .
Soil dwelling nematodes such as C. elegans are highly selective with respect to biotic and abiotic soil conditions, providing useful bio-indicators for soil quality. With respect to pH, C. elegans prefers-and is attracted by-mildly alkaline environments (pH up to 10), as created by the bacteria on which the nematode feeds. Strongly alkaline environments (pH above 10.5), however, are not tolerated by the worm and elicit behavioral avoidance instead of attraction (Murayama and Maruyama, 2015) ( Figure 1A ). This behavioral switch involves two types of monodendritic sensory neurons in the nematode head whose ciliated dendrites project into the nose (Figure 1 ) (Murayama and Maruyama, 2015) . One neuron type is the ASEL neuron, a single gustatory cell that triggers behavioral attraction to moderate alkali. The second neuron type is the bilaterally present ASH neuron, two multimodal nociceptors that drive avoidance behaviors to painful external stimuli, including high osmolarity, high salinity, and high alkali. The gustatory ASEL neuron detects moderate alkali through a receptor-type guanylyl cyclase that activates cGMP-gated ion channels (Murayama and Maruyama, 2015) . Strong alkali transduction by the ASH neurons reportedly requires the heteromeric TRPV channel formed by OSM-9 and OCR-2 (Sassa et al., 2013) , which also detects high osmolarity through a G-proteincoupled signaling cascade (Roayaie et al., 1998) .
The group of Shawn Xu now used whole-cell patch clamp to systematically analyze ASH current responses to various external stimulus solutions . They found that hyperosmotic stimuli activate the OSM-9/OCR-2 TRPV channel, corroborating previous reports (Roayaie et al., 1998) (Figure 1C ). As expected, manipulating G protein signaling abolished this activation, consistent with the indirect osmotic activation of this TRPV channel via a G protein signaling cascade (Roayaie et al., 1998) . The first surprise came when Wang et al. (2016) exposed the nematodes to high alkaline solution. In osm-9 mutants, the resulting inward currents were not abolished but reduced. Judged from this rather mild effect, it seemed that the heteromeric OSM-9/OCR-2 TRPV channel cannot be the main alkali sensor of the ASH neurons as indicated previously (Sassa et al., 2013) , especially as both channel subunits, OSM-9 and OCR-2, are lost in the osm-9 mutants.
Intrigued by this unexpected result, Wang et al. (2016) went ahead and screened mutant nematodes for behavioral defects in the avoidance of strongly alkaline pH. In line with previous reports (Sassa et al., 2013) , osm-9 mutants showed such defects, and strong defects were also seen in worms carrying a null mutation in the tmc-1 gene. TMC-1 is a member of the TMC protein family, which in C. elegans is represented by TMC-1 and TMC-2. Of the eight mammalian TMCs, TMC1 and TMC2 are strong candidates for the elusive mechanotransduction channel of inner-ear hair cells (Kawashima et al., 2015) , and also the sole Drosophila TMC functions in mechanosensation, contributing the control of locomotion by larval proprioceptor neurons (Guo et al., 2016) . Of the two C. elegans TMCs, TMC-1 is expressed in ASH neurons, where it reportedly mediates responses to strong environmental salinity by monitoring high sodium concentrations (Chatzigeorgiou et al., 2013) . A requirement of TMC-1 for alkali avoidance thus seemed remarkable, prompting Wang et al. (2016) to further test their observation. First, the researchers selectively rescued TMC-1 function in the ASH neurons and found that this restores alkali avoidance in tmc-1 mutants. Second, they manipulated G protein signaling and found that such signaling is dispensable for TMCdependent alkali responses. Third, Wang et al. (2016) selectively ablated the ASH neurons, confirming these neurons as the main drivers of behavioral alkali avoidance, though residual responses indicated additional contributions from some other neurons. Fourth, they tested tmc-1; osm-9 double mutants and found that the combined loss of TMC-1 and the OSM-9/OCR-2 TRPV channel entirely abolishes alkali-evoked ASH neuron current responses. Single mutant effects were stronger for tmc-1 than for osm-9, suggesting that even though TMC and TRPV proteins are both involved in alkali sensing, the stronger contribution comes from TMC-1. Moreover, analogous to mammalian TRPV1 (Dhaka et al., 2009) , the OSM-9/OCR-2 TRPV channel was found to function in both acid and alkali sensing, while alkali detection only required TMC-1. Apart from ASH neurons, also some outer neurons express the tmc-1 gene. Notwithstanding the presence of TMC-1, environmental alkaline pH did not activate these latter neurons, yet when the authors directly perfused the somata, robust alkali responses were induced. To further test whether TMC-1 might confer alkali responses to cells, Wang et al. (2016) ectopically expressed tmc-1 in the ASI neurons that usually are insensitive to alkali. Indeed, tmc-1 expression rendered these neurons responsive to strong alkali, documenting that TMC-1 protein can render cells alkali sensitive.
The function of TMC-1 in alkali sensing does not necessarily contradict its reported role as a sodium sensor (Chatzigeorgiou et al., 2013) . The OSM-9/ OCR-2 TRPV channel, besides detecting high osmolarity, participates in alkali sensing, so one might speculate that TMC-1 has polymodal roles as well. The group around Shawn Xu explored this possibility, closely following the protocols used by Chatzigeorgiou et al. (2013) . In accord with this latter study, Wang et al. (2016) found that the nematode avoids high environmental sodium concentrations and that the ASH neurons are essential for this behavioral response. What they could not reproduce, however, is that TMC-1 participates in high sodium detection. Wang et al. (2016) carefully re-performed all the experiments conducted by Chatzigeorgiou et al. (2013) , yet their experimental outcomes all indicated that the ASH neurons do not require TMC-1 to respond to high environmental sodium. Instead, behavioral and cellular sodium responses were found to require the OSM-9/OCR-2 TRPV channel, along with a G protein signaling cascade.
Given these findings, we are now confronted with two opposing models of how the nociceptive ASH neurons transduce environmental stimuli ( Figure 1C ). According to the ''old model,'' high sodium detection relies on TMC-1 (Chatzigeorgiou et al., 2013), whereas the detection of high pH and high osmolarity involves the OSM-9/OCR-2 TRPV channel and G protein signaling (Roayaie et al., 1998; Sassa et al., 2013) . The ''new'' model put forward by Wang et al. (2016) agrees on OSM-9/OCR-2 transducing high pH and high osmolarity, yet high sodium acts also on this TRPV channel and the high alkali is mainly detected via TMC-1.
The two models call for further experimentation, but the exciting news is that we now have a protein at hand that seems to qualify for being one of the elusive alkali sensors that allows animals to avoid strong environmental alkali. Judged from the alkali sensitivity of tmc-1-positive cells other than the ASH neurons, it seems that C. elegans TMC-1, apart from sensing high environmental pH, might also contribute to acid-base homeostasis in the body by monitoring extracellular pH. Future studies are needed to evaluate the function of TMC-2, the second C. elegans TMC protein, which is dispensable for the function of the ASH neurons . Most importantly, we also need to learn more about how TMCs contribute to sensory stimulus transduction and, in particular, whether TMCs are channel proteins. Work on mammalian hair cells has implicated TMCs in sensory transduction channel function (Kawashima et al., 2015) , yet whether TMCs are pore-forming subunits of ion channels or auxiliary proteins (A) The nematode is attracted by moderate alkali (pH % 10) but avoids strongly acidic (pH < 4) and strongly alkaline (pH > 10.5) environments. (B) Location of ASH, ASI, and ASEL neurons in the nematode head (modified from Ortiz et al., 2006) . The two ASH neurons drive acidic and alkaline pH avoidance, whereas attraction to moderately alkaline pH is mediated by the ASEL neuron. The ASI neuron is alkali irresponsive, but, upon ectopic TMC-1 expression, it becomes alkali sensitive. (C) Models of external stimulus transduction in ASH neurons. The ''old'' model assumes that high sodium directly activates TMC-1, whereas the OSM-9/OCR-2 TRPV channel is indirectly activated through a G protein signaling cascade by high osmolarity and high alkaline pH (Chatzigeorgiou et al., 2013; Sassa et al., 2013) . According to the ''new'' model proposed by Wang et al. (2016) , high alkaline pH activates TMC-1 along with OSM-9/OCR-2, and the latter TRPV channel is activated indirectly by high sodium and high osmolarity.
still remains unclear. In heterologous expression systems, TMCs generally fail to translocate to the cell surface, leaving it open whether TMCs can propagate ionic currents across the cell membrane (Kawashima et al., 2015) . Only C. elegans TMC-1 was reported to give rise to ionic currents in heterologous expression systems (Chatzigeorgiou et al., 2013) . Whether TMC-1 was indeed integrated into the membrane and caused these currents, however, remained questionable, and the experiments had not been reproduced by other labs so far. Wang et al. (2016) now found that also heterologously expressed TMC-1 remains stuck in intracellular compartments, consistent with the behavior reported from other TMC proteins (Kawashima et al., 2015; Guo et al., 2016) . Reconstituting TMCs in liposomes might show whether these proteins are ion channels, and given that the tmc genes of most animals still await their characterization, it seems tempting to speculate that some of them, analogous to C. elegans tmc-1, encode alkali sensor proteins.
Midbrain dopamine neurons encode reward prediction errors. In this issue of Neuron, Takahashi et al. (2016) show that the ventral striatum provides dopamine neurons with prediction information specific to the timing, but not the quantity, of reward, suggesting a surprisingly nuanced neural implementation of reward prediction errors.
Learning about the potential reward associated with different cues, actions, or environments is critical for adaptive behavior and fitness enhancement. Reinforcement learning theories have postulated that reward learning proceeds by comparing predictions of future reward with actual reward received and signaling the difference between the two. This difference corresponds to a reward ''prediction error,'' which, according to suggestions from both machine learning and psychological learning theories, can be used to update previous predictions and guide actions ( Figure 1A) . In this view, learning occurs whenever the size of experienced reward differs from the predicted size. A particularly influential model, temporal difference learning (Sutton, 1988) , introduces a timing component to these predictions, so that prediction errors are generated not only when rewards occur with unexpected size but also at unexpected times. The elegance of combining predictions about the timing and size of reward into a single unitary feature (a scalar signal) has made the temporal difference reinforcement learning model a staple of learning and decision making research over the last decades.
The well-replicated discovery that midbrain dopamine neurons in the substantia nigra (SN) and ventral tegmental area (VTA) of primates encode signals that closely resemble reward prediction errors (Schultz et al., 1997) constitutes a biological substrate for the temporal difference learning model. Dopamine neurons show burst firing for larger or earlier than predicted reward and pause for smaller or later than predicted reward, providing a unitary error signal that could serve to update predictions about the size and time of future reward. In line with the notion that dopamine neurons facilitate adaptive approach behavior, the temporal specificity of dopamine prediction errors coincides with the timing of licking behavior
